Generation efficiency and antenna number: One important factor for the generation of OAM beams using an antenna array is its generation efficiency, in terms of the ratio of the power on the most inner ring of the beam over the power of the whole beam. Figure S1a shows a few designed antenna array structures, where L is the number of concentric layers housing the antenna elements, and N s is the number of elements, equally distributed on the circumference of each layer. By carefully designing the structure of the array, better generation efficiency could be achieved: (i) as the number of elements per layer increases, more power is concentrated on the inner ring, as shown in Fig. S1b1-b3 ; and (ii) increasing the number of layers could also improve the generation efficiency, as shown in Fig. S2b3-b6 . When the array has four layers, each containing 32 elements, a generation efficiency of ~58.26% is observed in the simulation.

